The Schizosaccharomyces pombe imprint — nick or ribonucleotide(s)?  by Vengrova, S. & Dalgaard, J.Z.
2. Shim, W.M., and Cavanagh, P.
(2004). The motion-induced position
shift depends on the perceived
direction of bistable quartet motion.
Vision Res. 44, 2393–2401.
3. Watanabe, K., Nijhawan, R., and
Shimojo, S. (2002). Shifts in
perceived position of flashed stimuli
by illusory object motion. Vision
Res. 42, 2645–2650.
4. Watanabe, K., Sato, T.R., and
Shimojo, S. (2003). Perceived shifts
of flashed stimuli by visible and
invisible object motion. Perception
32, 545–559.
5. Fang, F., and He, S. (2004). Strong
influence of test patterns on the
perception of motion aftereffect
and position. J. Vis. 4, 637–642.
6. McGraw, P.V., Whitaker, D., Skillen,
J., and Chung, S.T. (2002). Motion
adaptation distorts perceived visual
position. Curr. Biol. 12, 2042–2047.
7. Nishida, S., and Johnston, A. (1999).
Influence of motion signals on the
perceived position of spatial
pattern. Nature 397, 610–612.
8. Snowden, R.J. (1998). Shifts in
perceived position following
adaptation to visual motion. Curr.
Biol. 8, 1343–1345.
9. Whitaker, D., McGraw, P.V., and
Pearson, S. (1999). Non-veridical
size perception of expanding and
contracting objects. Vision Res. 39,
2999–3009.
10. Whitney, D., and Cavanagh, P.
(2003). Motion adaptation shifts
apparent position without the
motion aftereffect. Percept.
Psychophys. 65, 1011–1018.
11. Cavanagh, P. (1992). Attention-
based motion perception. Science
257, 1563–1565.
12. Culham, J.C., Verstraten, F.A.,
Ashida, H., and Cavanagh, P.
(2000). Independent aftereffects of
attention and motion. Neuron 28,
607–615.
13. He, S., Cavanagh, P., and
Intriligator, J. (1996). Attentional
resolution and the locus of visual
awareness. Nature 383, 334–337.
14. Parkes, L., Lund, J., Angelucci, A.,
Solomon, J.A., and Morgan, M.
(2001). Compulsory averaging of
crowded orientation signals in
human vision. Nat. Neurosci. 4,
739–744.
15. Berry, M.J., 2nd, Brivanlou, I.H.,
Jordan, T.A., and Meister, M. (1999).
Anticipation of moving stimuli by
the retina. Nature 398, 334–338.
16. Fu, Y.X., Shen, Y., Gao, H., and Dan,
Y. (2004). Asymmetry in visual
cortical circuits underlying motion-
induced perceptual mislocalization.
J. Neurosci. 24, 2165–2171.
17. Whitney, D., Goltz, H.C., Thomas,
C.G., Gati, J.S., Menon, R.S., and
Goodale, M.A. (2003). Flexible
retinotopy: motion-dependent
position coding in the visual cortex.
Science 302, 878–881. 
The Department of Psychology and The
Center for Mind and Brain, The
University of California, Davis, California
95616, USA.
E-mail: dwhitney@ucdavis.edu







S. Vengrova and J.Z. Dalgaard1
The nature of the
Schizosaccharomyces pombe
mat1 imprint, which acts to
initiate mating-type switching, has
been a subject of dispute. The
imprint was proposed to be a
site- and strand-specific nick [1].
Meanwhile, our work has shown i)
that imprinted DNA can be
purified such that both mat1
strands are intact, ii) that
imprinted mat1 DNA can be
broken by alkali or RNase
treatment, and iii) that two
populations of imprints exist,
where either one or two
ribonucleotides have been
incorporated into the mat1 DNA,
creating a DNA–RNA–DNA hybrid
strand [2,3]. A recent paper by
A. Kaykov and B. Arcangioli
presents data that the authors
claim ‘are in disagreement with
the RNA model and strongly
indicate that the imprint is a nick’
[4]. However, our analysis
suggests that Kaykov and
Arcangioli’s data are fully
compatible with the imprint being
RNA in nature.
It has long been known that the
S. pombe mat1 imprint is labile
during purification. Are the data
presented by Kaykov and
Arcangioli consistent with a nick
being formed during purification
due to hydrolysis of a
ribonucleotide imprint? In the
presented paper, it is assumed
that the hydrolysis of an RNA
imprint always leaves a gap [4].
However, when a DNA–RNA–DNA
hybrid molecule, consisting of
only one ribonucleotide
incorporated into a DNA strand, is
hydrolysed at the ribose residue,
the ribonucleotide will stay
attached to the 3′ end of the 5′
fragment and a nick will be
present. Only if the hybrid
molecule contains two or more
consecutive ribonucleotides will a
gap be formed by the hydrolysis
(see below).
Kaykov and Arcangioli detect
the nick in mat1 DNA using
different enzymatic activities and
assays, but do not address
whether their results are
compatible with the RNA nature
of the imprint. The enzymes used
in their study (Escherichia coli
DNA ligase, PstI restriction
endonuclease and Taq DNA
polymerase) are assumed to act
specifically on DNA. However, the
activities of these enzymes on
substrates resembling either an
intact or hydrolysed
ribonucleotide imprint are not
tested. Our unpublished
characterization of these
enzymes shows that they are able
to utilize such substrates. In
particular, Taq DNA polymerase
can efficiently elongate across up
to three ribonucleotides; E. coli
ligase can ligate a nick in a
duplex substrate where a single
ribonucleotide provides the 3′
hydroxyl group that is to be
ligated to the 5′ phosphate; and
PstI can restrict a recognition site
containing a single
ribonucleotide. Thus, none of
these enzymatic activities can be
used to discriminate between the
two models, and the presented
data are therefore equally
consistent with the imprint being
ribonucleotide(s) as with it being
a nick.
Our previously published work
suggested that the imprint could
be either one or two
ribonucleotides; therefore, in the
wild-type situation hydrolysis of
the imprint will lead to the
formation of either a nick or a
one-nucleotide gap. Importantly,
none of the experiments aimed at
addressing this issue contradicts
our results or model. Firstly, in a
set of presented LM-PCR
experiments, an adaptor is
ligated to the 5′ end of the nick
observed at mat1. The adaptor
was designed such that it can be
ligated only to molecules where
there is a nick present at the
mat1 imprint, as missing
nucleotide(s) will create a gap
inhibiting ligation. In the
subsequent LM-PCR, efficient
amplification is observed, and it
is concluded that the imprint is a
nick. However, this result is
consistent with a one-
ribonucleotide imprint; moreover,
the authors do not attempt to
detect molecules with a 5′ end
corresponding to a one-
nucleotide gap. In addition, if the
strand were broken due to
hydrolysis of an RNA imprint, the
5′ end would be devoid of any
ribonucleotide(s); therefore, an
RNase T2 control digestion
(presented in the paper) is not
expected to affect the outcome.
Lastly, all the experiments aimed
to exclude the presence of
molecules with a gap at mat1
were performed using a mutant
strain. In this strain a PstI
restriction site was introduced at
the site of the imprint, mutating
one of the putative ribonucleotide
positions. Thus, in this strain the
imprint might always consist of
one ribonucleotide, and as a
consequence only a nick will be
detected.
In conclusion, Kaykov and
Arcangioli’s data are fully
compatible with the proposed
RNA nature of the imprint. The
only unifying explanation for all
the data available at this point is
that cellular enzymatic activities
gain access to the imprint during
some DNA purification methods,
converting an RNA imprint into
the nick with the 3′ and 5′
hydroxyl groups detected by
Kaykov and Arcangioli [4].
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B. Arcangioli1 and A. Kaykov
Vengrova and Dalgaard believe our
observations are better explained
by their ribonucleotide(s)
replacement model [1] rather than
by the dephosphorylated nick
model we proposed [2]. Here we
wish to review the two models in
the context of previously published
work and discuss the observations
made in the accompanying letter.
Recently, Vengrova and
Dalgaard stated that the imprint
can be purified intact, or cleaved in
some conditions. We believe it may
be purified as cleaved in all
conditions, since we were never
able to isolate intact imprinted
mat1 upper strand. Furthermore,
they propose that the imprint is
composed of either one or two
ribonucleotides, and that starting
from an intact or nicked molecule,
treatments with RNase T2 or NaOH
remove one ribonucleotide from
the 5′-end mat1-distal upper
strand, converting the imprint into
a gapped molecule [1].
Our recent work [2] was
designed to further analyze the
molecular nature of the imprint and
to directly challenge the nick and
RNA models. A PstI site was
inserted at mat1, and shows that a
nick is located at a precise and
fixed position, as observed in the
wild-type strain, and is
independent of RNase T2
treatment (yielding no gaps), which
is incompatible with the presence
of a 5′-end ribonucleotide(s). In
addition, the potential caveat that
our engineered strain containing
PstI affects the number of
nucleotides modified in a
sequence-specific manner is not
supported by the PstI series of
mutant strains, which allows us to
position the nick next to any of the
four bases (stated as data not
shown in [2]). Altogether, our data
support the simplest and most
economical model, that the imprint
at mat1 is a nick containing 3′OH
and 5′OH termini and is resistant to
RNase T2 treatments.
Here, Vengrova and Dalgaard
attempt a unifying explanation.
They suggest that two populations
of imprint exist, containing either
one or two ribonucleotides, and
propose that hydrolysis of a
putative DNA–RNA–DNA hybrid
molecule containing a single
ribonucleotide would yield a nicked
molecule in which the
ribonucleotide will remain attached
to the 3′ end of the nick. In
principle, this new interpretation
could allow our set of data [2] to
become compatible with a
ribonucleotide on the 3′ end but
not the 5′ end of the nick [1].
We agree that a unifying
explanation would be ideal. To
achieve this, we should not make
more assumptions before
answering the following questions.
What are the methods used by
Dalgaard and colleagues to
prepare intact/nicked DNA? How is
their PCR approach able to
synthesize across the intact heat-
labile imprinted strand? What is the
direct evidence for a mixed
population of one and two
ribonucleotides? Ultimately,
identification of the machinery
responsible for the imprint remains
the major issue.
References
1. Vengrova, S., and Dalgaard, J.Z.
(2004). RNase-sensitive DNA
modification(s) initiates S. pombe
mating-type switching. Genes Dev.
18, 794–804.
2. Kaykov, A., and Arcangioli, B.
(2004). A programmed strand-
specific and modified nick in S.
pombe constitutes a novel type of
chromosomal imprint. Curr. Biol.
14, R915–R917.
Institut Pasteur, 25 rue du Dr. Roux
75724 Paris cedex 15, France.
1E-mail: barcan@pasteur.fr
The editors of Current Biology
welcome correspondence on any
article in the journal. All
Correspondence containing data
or scientific argument will be
refereed. Enquiries for articles in
this format should be sent to
cbiol@current-biology.com
